The proportion of older persons in the population is increasing year by year and, in anticipation of the economic consequences that this situation will bring about, growing support has developed for the proposal that more elderly people should be employed in industry. However, the prevalence of policies of age discrimination in labour intake and of compulsory retirement at fixed ages in many occupations suggests that opportunities for the employment of older people have not been developing at a rate commensurate with the need. Indeed, an inquiry carried out by Thomas (1947) Moreover, as the proportion of older people in employment declined steeply in the two years following the war (Ministry ofLabour Gazette, 1948) , there are some grounds for the conclusion of the report that . . . " even fewer old persons may remain in employment in the future ".
It is worth noting that a similar trend has been reported in the United States. While the number of persons aged 65 and over has multiplied by over four times in the past half century the proportion of employed men aged 65 and over has fallen steadily over the same period. In 1870 80% of the older men were working, in 1910 63%, in 1930 54%, and in 1940 41%. The percentage increased during the war but by 1950 it had declined to 45% (see Mushkin and Berman, 1947; Bums, 1954) . A steady though less marked decline has also shown itself for employed men between 55 and 64. A Committee on Aging and Geriatrics (1952) , in presenting information on this subject, has suggested that this decline is due in large measure to the shrinking place of agriculture and self-employment generally in the national economy.
If such an interpretation is correct and applies to similar trends in Great Britain the recommendation made by the National Advisory Committee on the Employment of Older Men and Women (1953) on the need to increase the proportion of older persons employed in industry is not likely to be easily accomplished. It would appear that the demands of industrial work are less suited to the capacities of older persons than other types of work. Moreover, the problem is rendered more difficult by the fact that there is no general agreement as to the type of industrial work which is most suited to older persons. The most commonly held view is that older people should be transferred to lighter work, but the implication that industrial work is not suited to older persons because of its heaviness should not be taken for granted. Whether or not lighter work can be recommended as a policy likely to increase the number of persons working in the higher age groups depends on a careful sifting of the facts. To present data relating to this subject is the object of the paper.
Previous Studies
The first serious and comprehensive study of the older worker in industry was made by Barkin (1933) " The group where the older person as a class possesses the greatest hold," he observed, " is that in which the job demands great physical exertion.
Approximately 26% of all the persons hired for such jobs were 40 years and over. The others follow in inverse proportion to the degree of physical exertion which is needed. Twenty-five per cent. of the men added to jobs grouped as requiring medium physical exertion were beyond 40 years of age. The proportion, however, for those requiring slight physical exertion was only 15% . . . Among the women workers the largest percentage of older females hired in any one single class is also to be found in the jobs requiring great physical exertion (13-3). The other two classes follow in the same order as for the males, medium (12 6%) and then slight (9 7)." These notable findings obtained during the years of the depression in the United States lead us to enquire how far similar tendencies exist in Britain in the post-war period when employment has been generally high. A simple answer, however, is not forthcoming as research investigators have not posed exactly the same questions as those of Barkin, but there is a certain amount of miscellaneous information which has a bearing on the type of work on which older people are employed and which relates in particular to the heaviness of the work. This information may be summarized as follows.
( Clark (1945a Clark ( , 1945b Clark ( , 1955 . Failing health appeared to play an important part in such retirement. On the other hand moves to more amenable work in the 60s and 70s appeared to be fairly common irrespective of health. This usually involved, however, not so much a move to lighter work or a change in the type of work but rather a change to easier circumstances in which to carry out similar tasks. Thus the tendency is noted for older workers to engage in work which they can carry out at their own pace; for example, it is typical for older workers to engage in maintenance work rather than in constructional work. Most of the heavy work in the building industry is probably labouring. It is worth noting here, however, that the age wastage from labouring was not greater than for other building occupations.
Apart from the data included in Le Gros Clark's studies there are only two other investigations which were specifically concerned with job change with age. These are an earlier study by the writer (1953) and a study by Richardson (1953) .
In the former study evidence was given that transfers tended to occur from the early 50s from operations which required continuous bodily movement and activity in association with a rapid tempo of work, accentuated by the payment of piece-rates or enforced by the requirements of a working team, a series of machines, or a conveyor-line. A few workers on these operations, however, were able to continue till the retiring age. On other operations older workers were rarely found to move to other work except where there were indications of failing health. Heaviness alone, i.e., with no further strain imposed by the tempo of work, did not appear to cause moves with increasing age. In Richardson's study workers between the ages of 50 and 79 were interviewed in two foundries and a coal-mine. They were asked a number of questions relating to their work history. One question asked was whether they had ever moved from heavy to light work. Those in the 70s were more inclined to say yes than those in the 60s and those in the 60s more than those in the 50s. From the replies as to the age at which such changes had occurred Richardson calculated the probabilities or rate of transfer to lighter work for different age groups. The rate per year was extremely low for the 20s, less than 0-01 in the 30s, rising to 0-05 in the 50s, and continuing to rise thereafter. Noting that national unemployment figures showed a sharp rise from the 40s onwards and finding an analogous tendency in his own data, Richardson reached the tentative conclusion " that the real trend of transference to lighter work is a low incidence until the 40s and a rapid rise from then on ". Richardson's data and conclusions are re-examined later in this paper.
Method and Results in Two Studies
The data to be presented in this paper are divided into two sections. The first is concerned with the age distribution of men and women employed on heavy work and therefore corresponds with (2) opposite. It is subdivided into two parts, one dealing with a small-scale sample of operations personally studied by the author and the other a more general analysis of occupations and ages listed in the 1951 census. The second section deals with an intensive study of job change in a firm which included an unusually large proportion of heavy jobs. (Belbin, 1952 , see also Welford, 1951) . The operations studied were divided into the following categories: Heavy and active work, machine feeding, machine operating, light assembly, and inspection. There was no apparent tendency for a larger proportion of older men or women to be employed on any one of the various categories of operation.
Heavy and active work was defined as " operations involving considerable muscular effort in the handling of heavy materials " and included " those involving a high degree of activity which made them regarded as heavy in the factories concerned ". The latter group of operations tended to be those from which older people moved away before the age of retirement and has been described in detail in a previous paper (Belbin, 1953) . These operations had the effect of lowering the age distribution for the heavy and active category.
Most of the active operations were not in fact heavy in the sense that they demanded muscular exertion. But they made demands on physical movement and speed. A separation here between " heavy " and " active " seems therefore desirable. When the active operations, i.e., operations not requiring lifting or moving of heavy objects or other forms of work requiring physical exertion, are excluded from the heavy and active category there remain operations which are heavy in the sense that they require specifically lifting, moving around of heavy objects, and strenuous exertion. To this group may be added a few operations originally listed under the other categories of work but which also possessed the characteristics of heaviness mentioned above. The total heavy group comprised: giant tyre casemaking, the manual assembly of the cover and tread of giant tyres before the process of moulding; hide shaving involving the lifting and moving around of hides weighing 20 lb. on a shaving machine; various operations involving the handling, stencilling, and loading into lorries of paint drums and cases (most of the drums weighing 42 lb. and some of the cases handled weighing as much as 120 lb.); the feeding of planks weighing approximately 50 lb. into planing and sawing machines; repolishing bearings, involving the frequent lifting of trays of over 50 lb. and the application of force in pressing rings against mechanical polishers; the setting up and operating of lace machines which involved lifting heavy mechanical parts without mechanical aids; the manual fitting of tyres on to car wheels; the handling of cylinder blocks in machine grinding; the rubbing down of cars with emery paper before cellulosing; the work of fitting in a large machine shop; plateworking in a heavy engineering firm, a number of foundry operations taken from two firms; packing and dispatching heavy boxes (weighing up to 120 lb.); the work of industrial blacksmiths in a heavy engineering firm; and an operation involving stacking and storing paint tins and drums from a production line.
This group of heavy operations could be compared with other light and active operations in the samples. The active operations in the original heavy and active table from which operatives had been found to move before the retiring age were excluded from both groups. A comparison of the age distribution for the 23 heavy operations employing 1,240 men with that for the 20 light operations employing 853 men is shown in Table 1 . There appears to be a stronger trend for men in the higher age groups to be found in the heavy operations than on the light operations. The difference between the two distributions is significant (t = 2-72, P < 0-01).
The operatives in this sample included only those who were employed on production and did not include ancillary workers. However, it was apparent that many of the ancillary jobs made considerable demands on muscular effort and large proportions of older people were often employed on such work. Thus in one engineering firm those engaged on heavy labouring represented only a small percentage of the total labour force, yet two-thirds of the over70s and 43 % of the 65 to 70s were employed on heavy labouring. In another firm which manufactured cars older men were often moved off the production lines to be placed in the stores department which was generally agreed to involve as much muscular exertion as any of the heaviest production operations in the factory.
Evidence concerning the employment of women on heavy work is difficult to obtain since women are not normally employed on such work. Nevertheless there were six women's operations in the sample studied which had been placed in the original heavy and active table but of these only three could be defined as falling within our present definition of heavy work. Two of the operations involved lifting up, labelling, and stacking heavy tins and containers. One of them necessitated periodically moving a tray of about a hundredweight on to a conveyor line. The third operation involved rigorous and continuous hand polishing of furniture alongside a production line. From the last operation (employing 26 women) there had been some tendency for the older women to move off on to other work. Yet five of the women employed were in the 40s and one was in the 50s. On the other two operations employing 15 and nine women, the mean ages of the older half of those employed were 50 8 and 57-2 respectively.
Evidence from the 1951 Census.-The information on the heaviness of work performed by older people given in the study above could be regarded as suggestive but no firm conclusions could be drawn because the sample could not be claimed as representative of industry as a whole. This question, however, could be pursued by detailed consideration of the larger and more representative information afforded by the 1% sample of the 1951 census. The disadvantage of such information is that the occupations listed are of necessity far more vague than in the case of a small sample where a job description can be made of each operation. A small number of occupations in the census, however, refer to work (including heavy work) which is sufficiently specific operations while younger labour is placed on operations which are newer and lighter. This is likely to occur where the mobility of labour within a firm is low.
An opportunity to consider the relationship between age and heavy work where internal labour mobility in a factory is high was afforded by a firm which manufactured batteries. In order to minimize any possible risk of lead poisoning operatives were periodically switched from one department to another and from job to job. There were four departments whose operatives were interchangeable and in each of the departments there was a considerable amount of heavy work.
A Hollerith card was provided in the firm for every job carried out during each day or part of a day. The information on the card included the date, the clock number of the operative, the job, clocked hours, and earned hours. It was thus possible to obtain a detailed record of the jobs held by each worker throughout the year. Over 100,000 job cards were analysed for 327 men employed on 34 operations.
Before the final results were worked out the author asked the time study department (which was responsible for fixing the fatigue allowances for the operations) to place the operations into five grades according to the degree of physical exertion required. Grade I indicated very heavy work, Grade IL heavy work, Grade III moderately heavy work, Grade IV moderately light work, and Grade V light work.
The records could be handled in a number of ways. The most straightforward analysis could be carried out by counting the number of job cards falling into each grade for each of the age groups. The percentage of work done by older workers on this criterion is shown for each grade in Table 3 . It will be seen that the heaviest operations showed the highest proportion of work done by older persons.
The lightest operations showed the -smallest proportion of work done by older workers.
In It will be seen that the greatest differences between the two groups occur in the extreme grades, the overwhelming proportion of the very heavy work being done by the older people and all the very light work being done by the younger people.
It may be seen from Tables 3 and 4 that while notable differences showed themselves between the age groups in the two extreme grades most of the work carried out fell into grades III and IV. The operations in these two grades included both production and non-production jobs. The existence of a large number of non-production jobs reflected the fact that production workers were often taken off their own jobs and placed on to unskilled work. This was because fluctuations in demand, linked especially with seasonal factors, affected the manufacture of the product concerned to a considerable extent. When the data presented in Grades III and IV of Table 4 were analysed in terms of production and non-production jobs (Table 5 ) it became clear that the older people were given a considerably larger share of the non-production jobs than the younger ones. In other words it would seem that younger workers had "first preference". This might explain why some of the heaviest work was carried out by older people since it was work that younger people would be less willing to undertake. This is not to say that older workers were on heavier and unskilled work because they had never had an opportunity to engage on other types of work, for all people in the three departments concerned were supposed to move periodically between jobs. In order to ascertain how far this was true a check was made on the total number of jobs held by all people during a year. The results of the analysis are shown in Table 6 . It will be seen that not all operators changed their jobs during the period of observation, but the chief point of interest is that the older people changed their jobs at least as frequently as younger people. Indeed there is a significant tendency for internal job transfer to increase with age. This is of considerable interest in view of the fact that the tendency for external labour turnover to decrease with age is marked and has been well authenticated (Kitson, 1925 ; Miles Schonfield, 1950; Long, 1951; Wallace, 1951 ; Jefferys, 1954) . That the reverse trend exists within a firm may be due to the greater experience of the older workers and therefore the greater readiness of the management to place them on to a wider range of jobs according to the dictates of circumstance. However, this is a matter that must be pursued elsewhere. The relevance of the data for our present problem is that they illustrate that older people were not employed on heavier jobs because they suffered greater restriction of opportunity from working on other types of job: rather it can be concluded that while they worked for some time on the less heavy operations and the production jobs of Grades III and IV they would hold such jobs for relatively short periods and incline more towards the heavy and the non-production operations. Discussion The evidence presented in the review and study above makes it plain that it is not uncommon for the heavy jobs in industry to be carried out by older workers. In a previous paper the author (1953) has presented information concerning the type of operations from which older people tend to move before the age of retirement. Operations which gave evidence of such moves were relatively few and the number of older persons affected, other than those suffering ill-health, appeared to be small. Such information would appear to be in line with the evidence presented in this paper which has shown some tendency for older persons to be engaged on those jobs in industry which make demands on physical exertion. However, the evidence cannot be regarded as unequivocal. Richardson (1953) , in an important study in this field, gave evidence to indicate that moves of older persons from heavy to lighter work were common. His general conclusion that " the real trend of transference to lighter work is a low incidence until the 40s and a rapid rise from then on" does not appear to match the evidence presented in this study. The reasons for this apparent discrepancy must be considered.
Two explanations may be suggested.
(1) The different criteria adopted by the writer and Richardson may be responsible for the general difference in the results and conclusions. For example, moves where ill-health was a factor in the change were excluded from the writer's sample but included in Richardson's sample. As it is well known that health tends to decline with age this might account for the different trends noted.
Different criteria may also have proved of importance with regard to the " heaviness " of the operations considered in the two studies. Heaviness has not been adequately defined in industrial studies of ageing, for example, in terms of the oxygen requirements associated with various forms of work. Comparison therefore cf the results obtained by Richardson with those obtained by other workers may prove difficult since no criteria for comparison exist. It is thus possible that the operations considered by Richardson in the coalmine and foundries were more arduous than the " heavy " operations studied in other investigations and the tendency for older workers to move away from these operations might therefore be the greater.
(2) An alternative interpretation may be proposed for the results that Richardson presents. It may be noted that conclusions reached depend on the replies to certain questions. The persons interviewed, aged between 50 and 79, were asked about their work history, whether they had ever moved from heavy to light work, and if so at what age the move occurred. The rates of transfer per year were based on what the older people remembered about their jobs when younger. Thus the rates of transfer for the 20s were calculated from the replies of those in the 50s and over. There are grounds here for believing that forgetting about a change that had occurred 30 years earlier might account for the very low figures extrapolated for the younger age groups. This hypothesis may be followed up by examination of the data in Fig. 1 of Richardson's paper. The rate of transfer per year appears to be approximately twice as great when calculated on the basis of the replies of persons interviewed for whom that age group was the preceding age period as when the rate of transfer is calculated from the replies of those who are older than the age group in question by more than one age period. For example, for the 50-54 age group the rate of transfer per year as reckoned from the replies of those aged 55-59 is 00512 but as reckoned from the replies of those aged 60-64 the figure is 0-0202. If we may suppose that a person interviewed is more likely to recall correctly a change to lighter work that was made in the last age period over one that was made more remotely in the past, re-examination of the data on this basis becomes desirable. Thus when rates of transfer are considered for the age period preceding age of interview the following Table* The only notable feature of the Table appears to be the sharp rise in the rate of transfer between the 40s and the early 50s. In all probability, however, this is to some extent an artefact as the figure given for the 40s is for a 10-year period and based on the replies of those who are removed from the possible age of transfer by a span of from one to 14 years whereas for the other age groups, which cover five-year periods, the span is from one to nine years. On our present hypothesis this should have the effect of reducing the incidence of those who recalled changing to light work in their 40s. Thus we are left with a rise of from 0-0512 in the early 50s to 0.0666 in the late 60s.
Our conclusion concerning Richardson's data is that there seems no real evidence to indicate a move away from heavy work at least before the 50s. But there is some evidence in the two foundries and coal-mine studied of a tendency to move on to lighter work in the 50s and 60s. In the two foundries the tendency for older workers to be engaged on the lighter work is slight but not significant, but in the coal-mine the association is significant at the 5 % ' work, as these terns were used by the men interviewed, was his opportunity to control the pace of work and the distribution of rest pauses ... it is important to emphasize that men often moved to lighter work yet still remained in the moderate category or even (in a few cases) in the heavy category. Provided the effort was broken up by rest pauses, the intensity of effort seemed of secondary importance. . ."
The replies of those interviewed as to the features of work which caused difficulty also indicate that heaviness was not of sole or prime importance. Richardson states that the outstanding reply given was about the effects of speed. Even in the case of very heavy work it was not the heaviness of work as such that was to the fore. Thus the older miners complained of shortness of breath in getting ta the coal face and keeping up with the younger men but once at the coal face worked without visible distress and the remark repeatedly made was: "At my job I'm all right ". This internal evidence is in line with evidence previously produced by the writer (1953) . In a study of operations from which older people tended to move before the age of retirement the work was generally referred to as heavy in the factories concerned. But most of the operations did not in fact involve heaviness in the normally accepted use of the term, i.e., in the sense of work requiring concentrated effort as in lifting, pushing, pulling, and so on, but rather the work involved more typically active movement the pace of which was determined externally, i.e., by the demands of a team, machine, or conveyor. Thus " heavy " was used in a functional rather than a descriptive sense. Similarly in the case of the " light " work to which older people moved the demands of the job often did not appear to be light at all for they frequently required lifting and other forms of concentrated effort.
While there is some tendency for older workers to move from certain types of heavy work, it is nonethe-less apparent that there is a tendency for older workers to be found on many operations requiring physical effort. Richardson points out, however, that the absolute numbers of persons involved on heavy work at the upper end of the age scale is often small. This applied also to the data for the battery factory considered in Table 6 . Richardson concludes that the small numbers in the higher age groups reflect changes by older people to lighter work.
It is clear that such a tendency exists but its interpretation seems open to doubt. While it could indicate a general tendency for older people to move towards lighter operations on account of declining capacity to work, it might also indicate no more than that the amount of heavy work in industry is declining. While both processes may operate to some extent, the former process has perhaps been over-emphasized at the expense of the latter as may be indicated by the evidence from the studies of age distribution on heavy and light work. These show not only that the numbers of older persons employed on heavy work are small but that the numbers of younger persons so employed are small also. Moreover such studies do not bear out the theory that older people gravitate towards lighter production operations since they seldom appear to be present in large numbers on such work.
The case of the battery factory considered earlier also does not support the notion that older people on heavy jobs gravitate towards the lighter operations. There was ample light work in the departments studied to which older workers might have moved. The rate of internal job transfer in these departments was high (being carried out in the interests of health) and older workers actually moved from job to job more frequently than younger persons. Yet the pattern of the very heavy work tending to be carried out by older people and the very light work by younger people still held good. The most likely interpretation is that the older people tended to work more on the heavy than light operations because younger workers were preferred for the latter. The ability to cope with machine work and the ability to act with the necessary speed of reaction-abilities closely associated with light work-were said to be more in evidence amongst the younger people.
Where older people have difficulty in maintaining their performance it would seem then that in general they do not move on to the lighter operations for which there is in fact more competition, but rather they move away from production work. They move, therefore, into ancillary jobs and become gatekeepers, night watchmen, and so on, or they move on to labouring jobs which tend to beheavy but where they can work at their own speed.
It seems likely then that there is some tendency in industry for older people to incline towards heavy work. In a previous paper the writer (1953) has shown that older workers transferred from active production line operations tended to be placed on heavy labouring jobs or work in the stores involving manual handling of heavy parts. More specific evidence on this subject has come from Barkin (1933) . In an analysis of the jobs on to which newly hired workers were placed Barkin found that it was on the operations requiring greatest physical exertion that the newly hired older workers had the greatest hold.
That older people should be engaged on or deliberately placed on to heavy work does not of course infer any suitability either in terms of capacity or preference. Indeed, in the study of Thomas and Osborne (1950) 69% of the older people interviewed, ie., those between the age of 55 and 74, employed on very heavy labouring, found their work a strain-almost twice as high a percentage as on the types of work involving less physical labour.
Nor does the fact that older workers are placed on work making demands on effort rather than speed necessarily mean that the decline in physical strength with age is less than the decline in speed of movement. Indeed some of the evidence indicates otherwise. For example, the decline in pull or strength of grip seems relatively greater with age than the decline in speed of blow, in reaction time, or in speed of movement (see Ruger and Stoessiger, 1927; Fisher and Birren, 1947) . But Rather it may only mean that older people experience greater strain in coping with a given work schedule than younger people. But this they are prepared to do for it is only by dint of such effort that older workers are able to maintain their security of employment.
Finally a few words may be said about the practical implications of the theme presented. It will be seen that the proposal to make work lighter in order to help older workers might not have this effect at all. A lighter operation is likely to be one on which the emphasis will change demands from effort to speed, and the capacity of older workers to carry out the task efficiently relative to the capacity of younger workers may well be lower.
The effects which the growing introduction of lighter work will have on the employment of older workers will depend on circumstances-on the attitude of management (i.e., whether management is willing to cushion older workers), on such governmental measures as may encourage firms to employ older persons, and finally on the supply and demand of labour. If sufficient younger labour is available the increase in the amount of light work might tend to increase the employment difficulties of older people. But if labour is scarce older people may stand to gain in that they may be able to continue longer in work through the reduction in the amount of effort that the work involves without their hold on the work being reduced by younger competitors.
Where the effort is taken out of skilled work the older worker is likely to derive the greatest advantage, for if the older worker's hold on the job depends on his skill rather than his capacity for effort or speed, the elimination of the " heaviness " from an operation will not impair his competitiveness vis-a'-vis younger workers but rather it will improve it by eliminating that aspect of the work in which he is inferior.
It would appear then that the possession of skill offers the worker a surer opportunity of employment in later life than does the prospect of lighter work. At present it is clear that high percentages of workers reaching middle and late maturity possess no recognized skill and have little chance of entering into skilled work owing to the barriers against training and apprenticeship which exist in respect of age. There are grounds therefore for believing that the most progressive and far-reaching approach to this problem would rest with new plans and policies for training and retraining workers before they become old. It is a matter for research and for industrial experimentation to show if and how this project can be undertaken successfully. Summary An investigation into the age distribution of persons employed on heavy work in industry is described. In a sample of operations studied, the tendency was found for a larger proportion of persons in the late 40s, the 50s, and the 60s to be engaged on heavy work than on light operations. Similar findings appeared from an analysis of occupations and jobs listed in the 1951 census. Those occupations which could be recognized as heavy and strenuous tended to have a higher proportion of persons engaged on them between the ages of 45 and 60 than did lighter skilled operations in the same industries.
An opportunity of studying job changes of different age groups as between light and heavy work was provided by a large factory in which frequent job changes were carried out in order to minimize any possible risk of lead poisoning. Although most workers carried out a number of varied jobs during the year which involved experience of both light and heavy work, the heaviest work tended to be carried out by the older workers and the lightest by the younger workers. In the intermediate grades there was a tendency for older workers to be engaged predominantly on the nonproduction jobs.
The findings suggest some difficulty in the application of the commonly accepted formula that older people should be given light work. On light production work it appears that older people face serious competition vis-a'-vis younger workers, while on non-production work, consisting typically of labouring and other heavy manual jobs, it is easy for them to find employment. Improvement in the level of skill of older workers would appear to offer more promising hope of employment in later life than would the increased provision of light work, and the need for the development of facilities for training and retraining older workers is emphasized.
